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Cas9/Csn1 Streptococcus pyogenes

motifs
*
1 MDKKYSIGLDIGTNSVGWAVITDDYKVPSKKLKGLGNTDRHGIKKNLIGALL

FDSGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEE
SFLVEEDKKHERHPIFGNIVDEVAYHEKYPTIYHLRKKLADSTDKVDLRLIYL
ALAHMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASRVDA
KAILSARLSKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAED
AKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDATLLSDILRVNSEITK
APLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGG
ASQEEFYKFIKPILEKMDGTEELLAKLNREDLLRKQRTFDNGSIPYQIHLGEL
HAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAWMTRKSEE
TITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKHSLLYEYFTVYN
ELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNRKVTVKQLKEDYFKKIEC
FDSVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFED
REMIEERLKTYAHLFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTI
LDFLKSDGFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGS

2 PAIKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRERM
KRIEEGI&ELGSDILKEYPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRL

3 SDYDVDHIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYW
RQLLNAKLITQRKFDNLTKAERGGLSELDKVGFIKRQLVETRQITKHVAQILD

4 SRMNTKYDENDKLIREVRVITLKSKLVSDFRKDFQFYKVREINNYHHAHDAY
LNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGKATAKYFFYS
NIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLSMPQV
NIVKKTEVQTGGFSKESILPKRNSDKLIARKKDWDPKKYGGFDSPTVAYSVL
VVAKVEKGKSKKLKSVKELLGITIMERSSFEKDPIDFLEAKGYKEVRKDLIIKL
PKYSLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKGSP
EDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPI
REQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLY
ETRIDLSQLGGD

FIG. 3A
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Cas9/Csn1 Streptococcus pyogenes

Domains

1 MDKKYSIGLDIGTNSVGWAVITDDYKVPSKKLKGLGNTDRHGIKKNLIGAL
LFDSGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLE
ESFLVEEDKKHERHPIFGNIVDEVAYHEKYPTIYHLRKKLADSTDKVDLRLI
YLALAHMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASRV
DAKAILSARLSKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLA
EDAKLQLSKDTYDDDLDNLLAQIGDQYADLFLAAKNLSDATLLSDILRVNSEI
TKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYID
GGASQEEFYKFIKPILEKMDGTEELLAKLNREDLLRKQRTFDNGSIPYQIHL

GELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAWMTRK
SEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKHSLLYEYFTV
YNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNRKVTVKQLKEDYFKKI
ECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEENEDILEDIVLTLTLF
EDREMIEERLKTYAHLFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSG

KTILDFLKSDGFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLA
GSPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSR

ERMKRIEEGIKELGSDILKEYPVENTQLQNEKLYLYYLQNGRDMYVDQEL

DINRLSDYDVDHIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKK

MKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKVGFIKRQLVETRQIT

KHVAQILDSRMNTKYDENDKLIREVRVITLKSKLVSDFRKDFQFYKVREIN

NYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIG
KATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDFATV
RKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLIARKKDWDPKKYGGF
DSPTVAYSVLVVAKVEKGKSKKLKSVKELLGITIMERSSFEKDPIDFLEAKGY
KEVRKDLIIKLPKYSLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLA
SHYEKLKGSPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVL

SAYNKHRDKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLD
ATLIHQSITGLYETRIDLSQLGGD

FIG. 3B
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L. pneumophila
G. proteobacterium
L. innocua

L. gasseri

E. rectale

S. lugdunensis
M. synoviae

M. mobile
W.succinogenes
F. columnare

F. succinogenes
B. fragilis

A. cellulolyticus
B. dentium

WO 2013/176772 PCT/US2013/032589
6/128
Motif 1 Motif 2 Motif 4
*
S. pyogenes . IGLDIGTNSVGWAVT, .. .IVIEMARE,.. ...HAAHDAYL,..,
L. pneumophila .IGIDLGGKFTGVCLS... ...MMQRIAYE... .SHAIDATL. ..
G. proteobacterium . . . TATDLGAKFTGVALY... .IIEHIARK... .SHVVDAVC. ..
L. innocua . IGLDIGTNSVGWAVL. .. .IVVEMARE... ...HHAAHDAYL...
L. gasseri . .VGLDVGTNSCGWVAM. . . .IAIEFTRD... ...HHAIDAYL...
E. rectale .LALDIGIASVGWAIL... .IVIEMPRD... ...HHAVDAML...
S. lugdunensis .LGLDIGITSVGYGLI... LITIELARE... ...HHAEDALI...
M. synoviae .IGFDLGVASVGWSIV... ...VVIEMARE... ...HHAVDASI...
M. mobile .LGLDLGIASVGWCLT. .. .IVVEVTRS... ...HHAEDAYF...
W.succinogenes .LGVDLGISSLGWAIV... ...VHFELARE... ...HHAVDAII...
F. columnare .LGLDLGTNSIGWAIR. .. .IHIEMARE... ...HATIDAIT...
F. succinogenes .LGLDLGTNSIGWAVV... .IHLELGRD... ...HHAMDAIV...
B. fragilis .LGLDLGTNSIGWALV... .IRVELARE... ...HHAMDALT,..,.
A. cellulolyticus .LGVDVGERSIGLAAV. .. .IVVELARG... ...HHAVDAVV...
B. dentium .IGIDVGLMSVGLAAI... ...VQIEHVRE... ...HHAVDAAV...
Motif 3
*
S. pyogenes .DVDHIVPQSFLKD---—-- DSIDNKVLTRSDKN. . .

LEIDHIYPRSLSKKHFGVIFNSEVNLIYCSSQGN. . .
.ETIDHTITPRSLTGRTKKTVENSEANLIYCSSKGN. . .

.DIDHIVPQSFITD-———-- NSIDNLVLTSSAGN. ..
.DIDHILPQSFIKD-—-——-- DSLENRVLVKKAVN. ..
.EIDHITPRSTISED-—-——-- DARSNKVLVYRSEN. ..
.EVDHIIPRSVSED-———-- NSYHNKVLVKQSEN. ..
.EIDHVIPYSKSAD--——-- DSWENKLLVKKSTN. ..
.DIDHIVPRSTISED-—-——-- DSESNLVIVNKLDN. ..
.EIDHILPRSRSAD-—-——-- DSFANKVLCLARAN. ..
.DIEHTIPRSISQD-———-- NSQMNKTLCSLKEN. . .
LETEHVIPQSLYED-———-- DSESNKVICEAEVN. ..
.DIEHITPQARLED-———-- DSESNKTLEARSVN. ..
.ELDHIVPRTDGG------ SNRHENLAITCGACN. ..
.EMDHIVPRKGVGS———-- TNTRVNLAAACAACN. ..

FIG. 5
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NUMBER
STRAIN OF CASS4 CRISPR CRISPR REPEAT:tracrRNA
CRISPRs identifierd BASEPAIRINGP
SF370 2 NC 002737 1 LEEEe DEEEEETEEEEEEEET T rE PR |
ARAUUGAACGAUACGACAAMACUUACCAAGGUUGUU 5'
Streptocoscus mutans GUUUUAG--AGCUGUGUUGUUUCGARUGGUUCCARRAC
UA159 1 NC_004350 1 b TEEEEEETETTTTTT et The 1
ARAUUGAACGACACAACAAAGCUUACUAAGGUUGUG
GUUUUAG--AGCUGUGUUGUUUCGAARUGGUUCCARRAC
NC 008532 5 NI AR AR R AR AR R AR RN A
Streptococeus thermophilus 3 ARAUJUGAGCGACACAACARAGCUUACCAAAGUUUGG
LMD-9 GUUUUUGUACUCU-CAAGAUUUAAGUAACUGUACAAC
NC_008532 2 LEEEEs PP T 1
ARACAUCGAAGACGUUCUAAAUUCAUUGACACAUUC
Listeria innocua GUUUUAG--AGCUAUGUUAUUUUGAAUGCUAACARAAC
Clip11262 1 NC_003212_2 LEEe TEEEEEETETTTTTT T TErrry
ARAUUGAACGAUACAAUAAAACUUAUGAUUGUUAUA
Treponema denticola GUUUGAG--AGUUGUGUAAUUUAAGAUGGAUCUCARAC
ATCC35405 1 NC_002967 _t LEEe FEEEEEETETTTTTT T PErrrer 1
AACUUGAGCAACACAUUARAUUCUACCUAGRAUUUA
Neisseria meningtticis GUUGUAGCUCCCUUUCUCAUUUCGCAGUGCUACAAU
72491 2 NC_003116_10 NN SRR RN AR A Y
UAACAUCGUUGCCAAGAGUAAAGCGUCACGCUGUUA
streptococcus gordonii NC 009785 2 GUUUUUGUACUCU-CAAGAUUURAGUAACUGUACAAC
' 1 _ _ ELEEe TEEETELTTTTTT T 1
st. Challs subst. Ch AAACAUCGAAGACGUUCUAAAUUCAUUGACACAUUC
Bifidobacterium bifidum GUUUCA-AUGCCUGUCAGAUCAAUGACUUUGACCAC
S17 1 NC_014616 1 ST FERPEEEEEE TEEETTTr T rr 1
AGUUAAAUACGGACAGUCCAGUUACUGGAACUAGUA
Lactobacillus salivarius GUUUCAGAAGUAUGUUARAUCAAUAAGGUUAAGACC
UCC118 1 NC_007929 1 | IR
AAGUUGAGUCUUACAAUUUAGUUACUCCAGUUUUGG
CURACAGUAGUUUACCAAAUAAUUCAGCAACUGARAC
e e TEEEEEEEEEEE T PP
Francise”a tularensis UUGUGUUCAUGUAUGGUUUAUUAGAUUGUUGACUUUG
ini c
ﬁ;ﬁpz.nowmda 2 NC_0oBgo1.f CUAACAGUAGUUUACCARAUARUUCA-GCAACUGARAC
RN
JUURAUAUUUACAUGGUUUAUUAAUUACG-AGACAUUA
Legionella pneumophila CCAAURAUCCCUCAUCUAAAAAUCCA-ACCACUGAAAC
str. Paris 1 NC_006368_t I R R R e A A
AUUUAAUCUUUAGUAGAUUUAAAGCUAUGG-GACUUUA
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Streptococcus pyogenes

crRNA (targeter-RNA)

Base-pairing in vivo (crRNA /tracrRNA) \

5’- variable 20nt -GUUUUAG--AGCUAUGCUGUUUUG-3'
*Iirlle LT rrtd
AGCCACGGUGAAAAAGUUCAACUAUUGCCUGAUCGGAAUAAAAUUGAACGAUACGACAAA-S'
G il
UCGGUGCUUUUUUU-31

tracrRNA (activator-RNA)

Example of a single-molecule DNA-targeting RNA
linker

5" -—--20nt----GUUUUAG--AGCUA

A I O I L1
3’ -GCCUGAUCGGAAUAAAAUUGAACGAU

Listeria innocua

Base-pairing in vivo (crRNA/tracrRNA)

5'- variable 20nt GUUUUAG--AGCUAUGUUAUUUUG-3'
sTIhhre LRIl
U(|§(|I(i,C|§(|ITAUGAAUUAAUUUUCAACUAUUGCCUGUUUCGGAAUAAAAUUGAAC GAUACAAURAA-5'
U
UGGGCGCUUUUUU-37

Example of a single-molecule DNA-targeting RNA

5" ---20nt----GUUUUAG--AGCUA
cllllde RN

3’ -GCCUGUUUCGGAAUAAAAUUGAACGAU

FIG. 9
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&
protospacer 2 plasmid DNA
circular linearized

nicked —>
linear —>
supercoiled —>

B protospacer 2 oligonucleotide DNA
complementary non-complementary
strand strand
S %“Qv. S %"Qv
Cas9 — WT O % — WT QO <
50 nt— |
23 nt—

FIG. 11
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protospacer 2
oligonucleotide DNA
©
)

crRNA-sp2 —

YNGR VR G VIR, VG, IR, PR, ¥

»

protospacer 2 oligonucleotide DNA
N

»
crRNA-sp2 — ~

14/128

PCT/US2013/032589

]
b?
Cas9 4+ + + + +

tracrRNA —
50 nt —>

23 nt >

Y
+ + + + + + + + + + +

tracrRNA —— —
Cas9 —
50 nt—
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23 nt—
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FIG. 17 (Cont. 1)
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5'-TCAGTCCTCATCTCCCTCAAGCAGGCCCCGCTGGTGCACTGAAGAGCCACCCTGTGGAAACACTACATCTGCAA-3"

TR E L EEEEE L EEEEEELLL LT |
3'-AGTCAGGAGTAGAGGGAGTTCGTCCGGGGCGACCACGTGACT TCTCGGTGEEACACCTT TGIGATGTAGACGTT-5"
—

ZFN-L CLTA1 sgRNA
sgRNA
U6 (Pollll) Y 15t seg. 2nd seg. TTTTTTTT
Cas9 ﬁ
Uo
ya
/4 PAM
target DNA G
5' 3
3' 5!

= | CGTCTACATCACAAAGGTGT j

5' \GCAGAUGUAGUGUUUCCACAGUUUUAGAGCUA G

A

[[1T1e 111

3'-GCCUGAUCGGAAUAAAAUU CGAU p
GAA

sgRNA
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Cel-1 Nuclease - + - + - +

% Cleavage 4 29
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4 A_
3 §\\\\\ \\ R < ~31 OO bp
| |«~22301p
2
1.5
B Cas9-GFP
U6-CLTA1 sgRNA plasmid - + - +
in vitro transcribed

CLTA1 sgRNA added to lysate - - + +
kbp

i | <« 5332 bp

< ~3100bp
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5'-GCAGAUGUAGUGUUUCCACAGUUUUAGAGCUAUGCU G
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e[ [FITe LTI, v2a
3" -CUAUUGCCUGAUCGGAAURAAAUU CGAUACGA 3
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CLTA1 sgRNA - - v1.0 v21 v21 v21 v21 v2.2
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% Cleavage 7 8 7 35
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g: Sutterella wadsworthensis 3 1 45B (i)

Parasutterella excrementihominis YIT 11859
— Legionella pneumophila str. Paris
""""""""""""""" Listeria-innocua Clip11262 o
99| Streptococcus thermophilus LMD-9*
Streptococcus mutans UA159
81— Streptococcus pyogenes M1 GAS

Fusobacterium nucleatum ATCC 49256

Treponema denticola ATCC 35405 !
Coprococcus catus GD-7
Solobacterium moorei F0204
Veillonella atypica ACS-134-V-Col7a
Acidaminococcus intestini RyC-MR95
——Finegoldia magna ATCC 29328

§ Olsenella uli DSM 7084
] lan ETE Lactobacillus rhamnosus GG

Lactobacillus gasseri JV-V03
‘|7_—|:Catenibacterium mitsuokai DSM 15897
99

Oenococcus kitaharae DSM 17330
Bifidobacterium bifidum S17
— Staphylococcus pseudintermedius ED99

9 ’QIEEubacterium rectale ATCC 33656

Enterococcus faecalis TX0012
22 Streptococcus thermophilus LMD-9**
Staphylococcus Iugdunensis M23590
Eubacterium dolichum DSM 3991

98

9
9

Mycoplasma gallisepticum str. F
Mycoplasma canis PG 14
Mycoplasma synoviae 53

70 Mycoplasma mobile 163K
1 | Mycoplasma ovipneumoniae SCO01
5
7
6 Ese
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17 95—9Neisseria meningitidis Z2491
o1 Pasteurella multocida Pm70
uncultured Termite group 1 bacterium Rs-D17
@oﬁnella succinogenes DSM 1740%
983 Campylobacter jejuni NCTC 11168
97

Roseburia intestinalis L1-82

9359 Lactobacillus coryniformis KCTC 3535
Ruminococcus albus 8

—— Rhodopseudomonas palustris BisB18 ]
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Azospirillum sp. B510 §

Helicobacter mustelae 12198
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E4 Flavobacterium columnare ATCC 49512
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Parvibaculum lavamentivorans DS-1

_|9—_gBacteroides fragilis NCTC 9343

99— Capnocytophaga ochracea DSM 7271

——Fibrobacter succinogenes S85

Nitratifractor salsuginis DSM 16511

Akkermansia muciniphila ATCC BAA-835

Acidothermus cellulolyticus 11B
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Bifidobacterium dentium Bd1
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Repeat Cas9 size Locus architecture
length (aa)

() 37  ~1300-1600

(i) 36 ~1350
(i) 36 ~1350
(iv) 36 ~1150
(v) 36 ~1300
(v) 36 ~1050
(vii)  44-48 ~1400
(vii) 36 ~1100
FIG. 32B
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Type lI-A

Francisella novicida U112
Wolinella succinogenes DSM 1740
gamma proteobacterium HTCC5015

Sutterella wadsworthensis 3 1 45B

Parasutterella excrementihominis YIT11859: cas 9 18

Legionella pneumophila str. Paris
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Streptococcus mutans UA159
Streptococcus pyogenes M1 GAS
Fusobacterium nucleatum ATCC 49256
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| Staphylococcus pseudintermedius ED99
Eubacterium rectale ATCC 33656
Enterococcus faecalis TX0012

Streptococcus thermophilus LMD-9

Staphylococcus lugdunensis M23590
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Mycoplasma ovipneumoniae SCO01
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Mycoplasma synoviae 53
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Aminomonas paucivorans DSM 12260
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Clostridium cellulolyticum H10
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Wolinella succinogenes DSM 1740
Campylobacter jejuni NCTC 11168
Helicobacter mustelae 12198
Roseburia intestinalis L1-82
Lactobacillus coryniformis KCTC 3535
Ruminococcus albus 8
Rhodopseudomonas palustris BisB18

Cand. Puniceispirillum marinum IMCC1322

Verminephrobacter eiseniae EF01-2
Ralstonia syzygii R24

Azospirillum sp. B510

Nitrobacter hamburgensis X14

Bradyrhizobium sp. BTAi1

FIG. 33 (Cont. 3)
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Type lI-C (Continued)

Dinoroseobacter shibae DFL 12
Rhodospirillum rubrum ATCC 11170
Elusimicrobium minutum Pei191
Sphaerochaeta globus str. Buddy
Prevotella ruminicola 23
Flavobacterium columnare ATCC 49512

Prevotella micans F0438

Parvibaculum lavamentivorans DS-1
Bacteroides fragilis NCTC 9343
Capnocytophaga ochracea DSM 7271
Fibrobacter succinogenes S85
Nitratifractor salsuginis DSM 16511
Akkermansia muciniphila ATCC BAA-835
Acidothermus cellulolyticus 11B
Corynebacterium diphtheriae NCTC 13129
Bifidobacterium longum DJO10A

Bifidobacterium dentium Bd1
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S. pyogenes SF370

O~ Tea50%

5' GUUUUAG--AGCUAUGCUGUUUUGAAUGGUCCCAAAAC 3
[11lo Frrrrrrrrrrrrrrrrrrr reer |
3! AAAUUGAACGAUACGACCUUACCAAGGUUGUU 5'

A

S. mutans UA159

O~ fTea5

7
5' GUUUUAG--AGCUGUGUUGUUUCGAAUGGUUCCAAAAC 3'

[111lo Frerereererrrrrtrtolt il ol
3! AAAUUGAACGACACAACAAAGCUUACUAAGGUUGUG 5

L. innocua Clip11262 A

\/
5" GUUUUAG--AGCUAUGUUAUUUUGAAUGCUAACAAAAC 3"
L11lo  TLLEELELEEt ottt
37 AAAUUGAACGAUACAAUCUUAUGAUUGUUA 5!
A A é

F. novicida U112 9’\ gV
D"

[Hcasg=csx12f

Vs
5" GUUUCAGUUGC-UGAAUUAUUUGGUAAACUACUG 3’
ol it 1t reeeerrrrrrr o lo
3! UAAUGUCU—CGUAAUUWACCAUTAAAUAU 5'

FIG. 34
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C. jejuniNCTC 11168 o
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5' GUUUUAGUCCCUUUUUAAAUUUCUUUAUGGUAAAAU 3

olttttrrrrrtrrrrerrrrrrnl
3' UAAAAUCAGGGAAAAAUUUAAAGAA 5!
A M

fu I
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ol 1 FEErErr e err e e
3' URAACAUCGUUGCCAAGAGUAAAGCGUCACGCUGUUAUA 5'

: &
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Cluster | SEQID NO:
1 2,3,4,5,6,7,8,15,23, 24, 25, 36, 37, 38, 39, 41, 71, 74, 105,
116, 136, 138, 166, 177, 180, 183, 193, 204, and 232
2 83, 75, 156, 96, 121, 235, 208, 127, 182, 134, 119, 246,
153, 202
101, 168, 48, 226, 216, 210, 120, 102, 176, 57, 108, 79, 1, 245
219, 135, 53, 62, 240, 165, 217, 82, 212, 19, 40, 18, 194
84, 21, 150, 221, 111, 76, 47, 59, 77, 112, 198, 147
90, 91, 214, 92, 152, 98, 243, 197, 32, 227, 162
103, 187, 223, 151, 158, 126
88, 167, 13, 164, 184, 123
58, 73, 195, 148, 31, 33
10 206, 188, 211, 161, 205, 44

(<ol Wl N I Wo> &)l I - OV )

Cluster | SEQID NO: Cluster | SEQID NO:
11 50, 54, 78, 106, 174 19 55, 27, 215
12 209, 220, 146, 157 20 228,234
13 70, 154, 100, 117 21 160, 213
14 128, 144, 118, 129 22 207, 237
15 131, 66, 149, 145 23 230, 94
16 89, 169, 163 24 200, 247
17 141,49, 72 25 133, 143
18 196, 114, 86 26 64, 68

27 20,45

28 60, 56

29 99, 52
FIG. 38
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B
Cluster | SEQID NO: || Cluster | SEQID NO: || Cluster | SEQID NO:
30 244,185 45 233 59 218
31 43 46 122 60 65
32 189 47 16 61 171
33 170 48 242 62 97
34 1 49 203 63 63
35 107 50 26 64 46
36 14 51 137 65 225
37 236 52 199 66 10
38 12 53 34 67 173
39 17 54 201 68 51
40 239 55 178 69 142
41 61 56 42 70 69
42 85 57 190 71 28
43 191 58 81 72 139
44 22 73 80
74 172
75 115
76 229
77 175
78 181

FIG. 38 (Cont. )
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A

Protein name | Function
Transcriptional Activators
GAL4 Transcription activation
VP16 Transcription activation
VP64 Transcription activation
p65 subdomain (NFkB) Transcription activation
Transcriptional repressors
KRAB Transcription repression
Mad mSIN3 interaction domain (SID) Transcription repression
the ERF repressor domain (ERD) Transcription repression
Histone lysine methyltransferases (KMT)
KMT1 famlly SUV39H1, SUV39H2, GQA, Heterochromatin formation/

ESET/SETDB1, and homologs (CIr4, Su{var)3-9) [ transcription repression

KMT2 family: hSET1A, hSET1B, MLL1 to 5, ASH1,

Transcription activation
and homologs (Trx, Trr, Ash1)

KMT?3 family; SYMD2, NSD1 Transcription activation
KMT4; DOT1L and homologs Transcription activation
KMTS5 family: Pr-SET7/8, SUV4-20H1, and DNA damage response,
homologs (PR-set7, Suv4-20, Set9) transcription repression
KMT6: EZH2 Polycomb silencing
KMTS8: RIZ1 Transcription repression
Histone lysine demethylates (KDM)
KDM1: LSD1/BHC110 and homologs Transcription activation and repression,
(SpLsd1/Swm1/Saf110, Su(var)3-3) heterochromatin formation
Androgen receptor gene activation,

KDM3 family: JHDM2a/b :
spermatogenesis

Transcription elongation, transcription
repression, heterochromatin formation,
genome integrity

KDM4 family; JMJD2A/JHDM3A, JMJD2B,
JMJD2C/GASC1, JMJD2D, and homologs (Rph1)

KDMS5 family: JARID1A/RBP2, JARID1B/PLU-1,

JARID1C/SMCX, JARID1D/SMCY, Transcription repression
and homologs (Lid, Jhn2, Jmj2)
KDM®6 family: UTX, JMJD3 Transcription activation

FIG. 54
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Protein name | Function

Histone lysine acetyltransferases (KAT)

KAT2 family: hGCN5, PCAF, and homologs

(dGCN5/PCAF, Gnb) Transcription activation, DNA repair

KAT3 family: CBP, p300, and homologs (dCBP/NEJ) | Transcription activation, DNA repair

KAT4: TAF1 and homologs (dTAF1) Transcription activation

KAT5: TIP60/PLIP, and homologs Transcription activation, DNA repair
KAT6: MOZ/MYST3, MORF/MYST4, and homologs | Transcription activation and elongation,
(Mst2, Sas3, CG189%4) DNA replication

KAT7: HBO1/MYST2, and homologs (CHM, Mst2) | Transcription, DNA replication

KAT8: HMOF/MYST1, and homologs (dMOF, Chromatin boundaries, dosage
CG1894, Sas2, Mst2) compensation, DNA repair

KAT13 family: SRC1, ACTR, P160, CLOCK, and

Transcription activation
homologs

Histone lysine deacetylases

Class |; HDAC1, HDAC2, HDAC3, HDACS, and its | Transcription repression,

homologs (Rpd3, Hos1, Cir6) heterochromatin formation
Class lla: HDAC4, HDAC5, HDAC7, HDAC9, and | Transcription repression,
its homologs (Hda1, Cir3 efc.) heterochromatin formation
Class ll; SIRT1, SIRTZ, and its homologs (Sir2, Transcription repression,
Hst1, Hst2, Hst3, Hst4) heterochromatin formation
Class IV; HDAC11 Transcription repression
DNA methylases(adenosine or cytosine modification)

Dam (E. coli) Restriction system

Dem (E. coli) Restriction system

M. Sssl (Spiroplasma sp) Restriction system

Transcription repression. imprinting,

DNMT1 heterochromatin formation

DNMT3a/DNMT3b, METI, DRM3 (plants), and Transcription repression. imprinting,
homologs heterochromatin formation

Chromomethylases e.g. ZMET2, CMT1, CMT2 (plants) Transcription rgpressmr.]. imprinting,
heterochromatin formation

DNA demethylases

AID/Apobec deaminase family: AID Transcription activation, genome integrity
TET dioxygenase family: TET1 Transcription activation, genome integrity
DEMETER glycosylase family: DME, DML1, DML2, | Transcription activation, genome
ROS1 integrity

FIG. 54 (Cont. 1)
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C

Protein name Function

Boundary elements

CTCF Chromgtin insulatiorj, heterochromatin

spreading suppression

Periphery recruitment elements

Lamin A Transcription repression

Lamin B Transcription repression

Protein docking elements

FKBP/FRB (S. pombe) rapamycin dependent recruitment

Pil1/Aby1 (E. coli) ABA dependent recruitment

FIG. 54 (Cont. 2)
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